INTRODUCTION {#sec1-1}
============

Solifenacin succinate is an orally administered urinary antispasmodic anticholinergic drug. The chemical name of Solifenacin succinate is 1-azabicyclo \[2.2.2\] octan-8-yl (1s)-1-phenyl-3,4-dihydro-1h-isoquinoline-2-carboxylate butanedioic acid.\[[@ref1]\] Solifenacin is a competitive muscarinic acetylcholine receptor antagonist. The binding of acetylcholine to these receptors, particularly the M~3~ receptor subtype, plays a critical role in the contraction of the smooth muscle. By preventing the binding of acetylcholine to these receptors, solifenacin reduces the smooth muscle tone in the bladder, allowing the bladder to retain larger volumes of urine and reducing the number of micturition, urgency, and incontinence episodes.\[[@ref2][@ref3]\] A literature survey reveals one semi-micro high-performance liquid chromatography (HPLC) method\[[@ref4]\] and one simultaneous liquid chromatography electrospray ionization tandem mass spectrometry (LC-ESI-MS / MS) method\[[@ref5]\] for the determination of Solifenacin succinate in plasma. There are no spectrophotometric methods reported for the estimation of Solifenacin succinate in the pharmaceutical dosage form. Thus, efforts are being made to develop a fast, selective, and sensitive analytical method for the estimation of Solifenacin succinate in its tablet formulations. Solifenacin succinate is only available in the form of an oral tablet.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

Shimadzu UV 1700, a UV-Visible double beam spectrophotometer, with a spectral band width of 1 nm, wavelength accuracy of ± 0.3 nm, and 1.0 cm matched quartz cells, was used for development of the analytical method. All the chemicals and reagents used were of analytical grade. Solifenacin succinate supplied by BePharm, Ltd. (China), was used as such, without further purification. Bromo thymol blue and Bromo phenol blue (Loba Chemie, Mumbai) reagents were prepared in double distilled water. All the reagents were extracted several times with chloroform so as to remove the chloroform-soluble impurities. The tablets of Solifenacin succinate were procured from a local pharmacy. BISPEC tab® 10 mg \[Dr. Reddy\'s\] and SOLITEN film-coated tab® 10 mg \[Ranbaxy\], were procured. A standard solution of Solifenacin succinate was prepared by dissolving 10 mg in 100 ml of double distilled water, to give a stock solution of concentration 100 μg/ml of the drug.

Methods {#sec2-2}
-------

### Procedure for preparation of the calibration curve {#sec3-1}

For method I, in a series of 10 ml volumetric flasks, aliquots of the standard drug solution (100 μg/ml) in double distilled water were transferred and diluted with the same, so as to give several dilutions in the concentration range of 10 -- 60 μg/ml of Solifenacin succinate. To 5 ml of each dilution, taken in a separating funnel, 5 ml of bromo thymol blue (0.3% w/v) reagent and 5 ml of chloroform were added. The reaction mixture was shaken gently for five minutes and allowed to stand, so as to separate the aqueous and chloroform layers. The chloroform layer was separated out and an absorbance maximum was measured against a reagent blank. The calibration curve was plotted \[[Figure 1](#F1){ref-type="fig"}\] between the concentrations of Solifenacin succinate and the measured absorbance.

![UV spectrum of Solifenacin succinate with bromo thymol blue reagent](PMeth-2-21-g001){#F1}

For method II, in a series of 10 ml volumetric flasks, aliquots of the standard drug solution (100 μg /ml) in double distilled water were transferred and diluted with the same, so as to give several dilutions, in the concentration range of 10 -- 60 μg/ml of Solifenacin succinate. To 5 ml of each dilution, taken in a separating funnel, 5 ml of bromo phenol blue reagent (0.3% w/v) and 5 ml of chloroform were added. The reaction mixture was shaken gently for five minutes and allowed to stand, so as to separate the aqueous and chloroform layers. The chloroform layer was separated out and an absorbance maximum was measured against a reagent blank. The calibration curve was plotted \[[Figure 2](#F2){ref-type="fig"}\] between the concentrations of Solifenacin succinate and the measured absorbance. The spectral characteristics of Solifenacin succinate for method I and method II are given in [Table 1](#T1){ref-type="table"}.

![UV spectrum of Solifenacin succinate with bromo phenol blue reagent](PMeth-2-21-g002){#F2}

###### 

Spectral characteristics of Solifenacin succinate

![](PMeth-2-21-g003)

Method validation {#sec2-3}
-----------------

### Calibration curve (linearity of the method) {#sec3-2}

The calibration curves were constructed by plotting the absorbance versus concentrations of Solifenacin succinate, after which the regression equations were calculated. The calibration curves were plotted over six different concentrations in the range of 10 -- 60 μg/ml for method I and 10 -- 60 μg/ml for method II.

### Accuracy (% recovery) {#sec3-3}

The accuracy of the methods was determined by calculating the recoveries of Solifenacin succinate by the standard addition method. Known amounts of the mixed standard solution of Solifenacin succinate were added to prequantified sample solutions of the tablet dosage forms. The amounts of Solifenacin succinate were estimated by applying the values of absorbance to the regression equations of the calibration curve and the results of the recovery studies are reported in [Table 2](#T2){ref-type="table"}.

###### 

Summary of validation parameters for the proposed methods and analysis of the marketed formulations
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### Method precision (Repeatability) {#sec3-4}

The precision was checked by repeatedly scanning (n = 6) the standard solutions of Solifenacin succinate (10 μg/ml) and the low value of standard deviation, as well as the relative standard deviation, which showed good method precision. Intermediate precision (Reproducibility): The intermediate precision for the proposed method was determined by estimating a standard solution of Solifenacin succinate for three different concentrations, thrice. The results were reported in terms of relative standard deviation (RSD).

### Specificity {#sec3-5}

The excipients were spiked into a pre-weighed quantity of drugs, to assess the specificity of the methods. The comparison of the standard spectra and the spectra from the tablet solution showed that the wavelengths of maximum absorbance and maxima / minima did not change. It was concluded that the excipients did not interfere with the quantization of Solifenacin succinate in the tablet, by developed methods.

### Robustness {#sec3-6}

The stability of the drug solution and the drug dye complex was studied at an ambient temperature. The robustness of the proposed methods was also tested by changing the wavelength range and scanning speed. The results were unaffected by these minor changes, which assured its reliability during normal usage.\[[@ref6]\]

### Procedure for analysis of tablet formulation {#sec3-7}

For analysis of tablet formulation, 20 tablets (10 mg) of Solifenacin succinate were weighed accurately and finely powdered. An accurately weighed, powdered sample, equivalent to 10 mg of Solifenacin succinate, was taken in a 100 ml volumetric flask containing 40 ml of double distilled water, and sonicated for 10 minutes. The resultant was filtered through Whatman filter paper No. 41 into another 100 ml volumetric flask. The filter paper was washed several times with double distilled water. The washings were added to the filtrate and the final volume was brought up to the mark with double distilled water.

For method I, 3 ml of the filtrate from the sample solution was diluted to 10 ml with double distilled water. This was treated as per the procedure used in the preparation of the calibration curve, and the amount of drug present in the sample was computed from the respective calibration curve.

For method II, 3 ml of filtrate from the sample solution was diluted to 10 ml with double distilled water. This was treated as per the procedure used in the preparation of the calibration curve and the amount of drug present in sample was computed from the respective calibration curve. The procedure of analysis from the tablet formulations for all the methods were repeated five times with two different tablet formulations and the results are reported in [Table 2](#T2){ref-type="table"}.

Recovery studies {#sec2-4}
----------------

Recovery studies were carried out for both the developed methods by the addition of a known amount of standard drug solution of Solifenacin succinate to a pre-analyzed tablet sample solution, at three different concentration levels. The resulting solutions were analyzed by the proposed methods. The results of the recovery studies are reported in [Table 2](#T2){ref-type="table"}.

RESULT AND DISCUSSION {#sec1-3}
=====================

The developed analytical methods were found to be specific, accurate, and precise, and played a vital role in many of the essential features required for an analytical system. They were adopted in a wide range of pharmaceutical analysis. Taking into account the above-mentioned characteristics, two accurate, simple, precise, economical, and rapid, visible spectrophotometric assay methods were developed, for the quantitative estimation of Solifenacin succinate in tablet dosage forms.

The optimum reaction conditions for the quantitative determination of ion pair complexes were established via a number of preliminary experiments. To test the accuracy and reproducibility of the proposed methods, the recovery experiments were carried out by adding a known amount of drug to the pre-analyzed formulation and reanalyzing the mixture by using the proposed methods.

Stability studies of chromogen were carried out by measuring the absorbance values at a time interval of 10 minutes, for four hours, and it was found to be 90 minutes for Method I and 120 minutes for Method II. The optical characteristics such as absorption maxima, Beer\'s law limits, correlation coefficient (r), slope (m), y-intercept (c), and molar absorptivity calculated from nine replicate readings are incorporated in [Table 1](#T1){ref-type="table"}. The reproducibility, repeatability, and accuracy of these methods were found to be good, which was evident by the low standard deviation values. The average percentage of recovery values obtained were 99.75 for I and 99.89 for II, which indicated no interference from the excipients used in the formulation. Hence, these developed methods could be used for the routine estimation of Solifenacin succinate in tablet formulations.
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